Heat shock response is commonly induced in most living organisms, from bacteria to higher plants and mammals, when cells, tissues and bodies of these organisms are exposed to elevated temperatures and other environmental stresses (23, 24) . The response is characterized by an induced expression of a set of proteins called heat shock proteins (HSPs), whose species and amino acid sequences have been highly conserved during evolution (1, 9) . Severe heat shock causes eventual cell death though it induces synthesis of HSPs to some extent before cell death. When cells were preheated at moderately high temperatures so as to induce and accumulate HSPs and not to cause cell death, these cells became highly heat shock-resistant upon a following exposure to lethal heat shock (11, 16) . These facts raised the possibility that HSPs function in protection of cells against lethal heat shock. In fact, cells treated with stressful agents such as ethanol (15) or arrested in the resting (GO) state (10) accumulated HSPs, and were also highly resistant to heat shock. There are several to a dozen different HSPs in each species (23) . An important question is which HSP(s) does make cells heat shock-resistant.
By isolating a highly heat shock-resistant mutant of the yeast, Saccharomyces cerevisiae, we have previously made the new finding that the expression of HSP48, a heat shock protein of Mr 48,000, but not of other HSPs is parallel to the level of heat shock-resistance (11) . Furthermore, we have identified HSP48 as enolase 1, one of the two isoproteins of enolase expressed in this organism (12) . However, only little is known about how mammalian cells do acquire the heat shock resistance property when exposed to moderately high temperatures. This study was designed to disclose this problem by isolating heat shock-resistant variants of a Chinese hamster cell line (CHO). We found that only HSP90 but not other HSPs was expressed to a higher degree in one of heat shock-resistant variants that we have isolated. The properties associated with this variant, designated HR-01, are described herein. protein of Mr 90,000 (Fig. 3) . The content of HSP90 was 5 to 10-fold increased in strain HR-01 compared to strain p-CHO although accurate estimation of the spot intensity was difficult because of spot trailing always seen with HSP90 (10). The synthesizing rate of HSP90 in HR-01 cells was also 5 to 10 times higher than that in p-CHO cells (data not shown). The result clearly indicated that the expression of HSP70, a major heat shock protein of Mr 70,000, did not differ between p-CHO and HR-01 strains (Fig. 3) . Although there appeared to be minor differences in some proteins between the two strains, they were not reproducible or significant.
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Degree of heat shock resistance may depend upon the amount of specific proteins expressed in cells. HSPs are candidates for such proteins because an accumulation of HSPs is positively correlated with the degree to which cells are resistant to high temperature (23, 24) . The question we dealt with in this study is which HSP(s) is essential for the acquisition of heat shock resistance. We isolated a heat shockresistant variant of CHO cell line which expressed HSP90 at an increased level. Inasmuch as other HSPs were not significantly overproduced in the variant, it seems that HSP90 is possibly involved in heat shock resistance in this case. There are several reports pertinent to this point, however. Firstly, Loomis and Wheeler have isolated a mutant of Dictyostelium that is defective in acquiring heat shock resistance, and have shown that this mutant specifically fails to synthesize a set of HSPs of Mr 26,000-32,000 (17) . This suggests that these low molecular weight HSPs are involved in the acquisition of heat shock resistance in this organism. Secondly, Finkelstein and Strausberg have shown that over-expression of HSP90 in yeast cells by introducing a multicopy vector carrying the yeast HSP90 gene did not increase the degree of heat shock resistance (6) . Thirdly, we have recently shown that HSP48 is the indicator of heat shock resistance in the yeast (11) . Furthermore, the yeast HSP48, identified as enolase 1, was shown to have partial homology in amino acid sequence to the HSP70 family (12) . None of these results is compatible with the present finding if the unique HSP is the indicator of heat shock resistance, and is common in all species. Alternatively, more than one HSP species may be involved in heat shock resistance. In fact, pre-heated CHO cells that were induced to synthesize a full set of HSPs were more resistant to lethal heat shock than HR-01 cells (Fig. 1A) . It is also possible that different HSPs are indicators in different species, particularly between the homeotherm and the heterotherm. In fact, the mutant in the yeast system is three order of magnitudes more resistant to lethal heat shock than the parental strain whereas the degree of heat shock resistance associated with the HR-01 variant of CHO cell line is considerably lower.
Several groups have isolated heat shock-resistant variants of cultured mammalian cell lines (7, 13, 21, 27 ). Among these variants, only one has been analyzed for its protein composition : That is a heat shock-resistant variant of Chinese hamster fibroblastic cell line that over-expresses HSP70 to a significant degree (13) . The previous studies have shown that HSP70 translocates into nuclei upon exposure to heat shock (14, 25) and binds to nucleoli (20, 28) . It was suggested, therefore, that HSP70 may function in nuclei. Differently from HSP70, HSP90 did not translocate into nuclei when cells were exposed to heat shock. HSP70 and HSP90 may co-operatively function in protection of cells against lethal heat shock although relatively weak, but significant heat shock resistance is given to cells by either one of the HSPs alone.
The HR-01 variant showed various altered properties as to morphology and cell adhesion to substrate in addition to the heat shock resistance. We have recently found that HSP90 is an actin binding protein, and is localized in ruffling membranes together with filamentous actin (S.K. et al., submitted for publication). This suggests that HSP90 interacts with actin filaments in vivo and might be involved in cell adhesion and spreading. It would be possible, therefore, that all the altered properties associated with HR-01 strain are attributed to the increased expression of HSP90. Differently from HSP70 and low molecular weight HSPs, the distribution of HSP90 was not dramatically altered when cells were exposed to heat shock (unpublished observations). HSP90 may protect intracellular architectures consisting of actin filaments against disintegration to be caused by heat shock. It has been observed, in fact, that cellular actin structures were disintegrated and actin molecules were translocated into the nucleus, and re-organized into paracrystal-like structures of actin filaments, called actin rods, when cells were exposed to heat shock (ref. 29, and Kazuko Iida et al., in press).
HSP90 has been shown to form tripartite complexes with pp6O8rc", the product of v-src of avian sarcoma virus, and a phosphoprotein of Mr 50,000 in avian cells (2, 3, 19) . Since pp6Os" is known to function after binding to the inner surface of the plasma membrane, the complexes are supposed to transport the viral product to the membrane across the cytoplasm (3). More recently, it was reported that HSP90 is a steroid hormone receptor binding protein (4, 8, 22, 26) . In this case too, HSP90 may function as the common carrier protein of receptors for various steroid hormones (4, 8, 26 ). Although it is not clear whether these intriguing properties associated with HSP90 is related to involvement of this protein in heat shock resistance, HR-01 variant would be useful for investigation of the functions of HSP90.
